INTRODUCTION
Flow cytometry has widespread applications in biotechnology, industrial and medical research. [1] [2] [3] [4] It provides qualitative and quantitative analytical measurement of individual cells using fluorescence emission of labelled cells when they pass individually through a light source (e.g. laser). [5] [6] [7] Cell viability determination plays a strategic role particularly in, for example food microbiology and microbial pharmacology. 1 The flow cytometry methods depend on the uptake by dead or non-viable cells of dyes that are normally excluded by viable cells or those with intact membranes. Propidium iodide (PI) for instance is a membrane impermeable molecule (~ 668 Da)
with the ability to bind to nucleic acid only following the loss of cellular integrity in dying, dead or necrotic cells, producing red fluorescence, as PI cannot cross an intact cytoplasmic membrane. 8 Fluorescein diacetate (FDA) is a non-fluorescent dye but when taken up by esterase-active cells it is hydrolysed by a non-specific intracellular esterase to produce green fluorescence that is retained by cells with intact cell membranes. 9 A charged and slightly lipophilic dye like 3, 3'-dihexyloxacarbocyanine (DiOC 6 (3)) has been used to determine the membrane potential of E.
coli as a measure of cell viability, resulting in green fluorescence in intact cells with polarised membranes, 10 while anionic dyes will interact with depolarized membranes. 11 There are other dyes known for their relevance in the determination of cell viability 12, 13 and these can be used in combination with others or conjugated with antibodies in most cases. Appropriate dyes can be used to quantify the effects of stress or toxic chemicals on the cytoplasmic membrane integrity and physiology of a bacterial population. [14] [15] [16] Using flow cytometry, cell viability measurement has been applied in the rapid enumeration of probiotic bacteria, 17 pathogenic bacteria, 18 root-associated bacteria, 19 and
Lactobacillus rhamnosus in chocolate. 20 Other parameters such as light scattering, DNA, RNA, protein contents, identification of antibody-antigen interaction, altered cell states such as apoptosis and cell death 1, 7 can also be measured.
Studies on cells 'decorated' with metallic nanoparticles (NPs) such as Pd (0) have been widely reported using various bacterial strains. [21] [22] [23] However catalytically active materials synthesized using these bacteria have mostly been produced in dry powdered form following drying of the metallized cells. A recent study has shown that, contrary to reports that Pd-NP (palladium nanoparticle) localization is restricted to the surface layers, 24 26 Therefore, the main objective of the study was to compare the viabilities of Pd-challenged cell suspensions through the measurement of membrane integrity and membrane potential as indices of cell viability using flow cytometry. This would underpin a new direction in the synthesis of potentially novel catalysts which combine biochemical and chemical catalysis in single cells.
MATERIALS AND METHODS
This article is protected by copyright. All rights reserved. of cell was resuspended to approx 10 6 cells/ml in PBS (1.9 ml) to a final volume of 2 ml. 15 For determination of membrane integrity and esterase activity, solutions of fluorochromes;
Bacterial growth and cell preparation
fluorescein diacetate (FDA) (40µl, 0.1 mg/ml aq) and of propidium iodide (PI) (4µl, 1 mg/ml aq)
were added simultaneously to the 2 ml cell mixture. Meanwhile, for the measurement of (phycoerythrin-propidium iodide, PE-PI) mode in logarithmic scale channels at medium speed.
The band pass filters used were 530 nm and 580 nm and results were analysed using BD Diva 6.1 software. Over 10,000 events were registered per analysis.
Statistical analyses
Statistical analysis was performed using Origin 7.5 software. The statistical differences and significance were assessed using ANOVA test and P < 0.05 was considered significant. This article is protected by copyright. All rights reserved.
RESULTS

Evaluation of membrane integrity of Pd-challenged cells
membrane due to interaction of the dye with lipophilic sites within the membrane (Table 2) while the fluorescence histograms (Fig 2) show the metabolic state of the cell membrane as active (P2) or inactive (P3). P2 and P3 are event markers, designating positive and negative events respectively (Fig 2) .
The Pd-free live cells (positive control) of Bb, Dd8307 and Dd8326 showed that about 100%, 99.7% and 98.9% of the cell population were metabolically active with less than 2% of cells being inactive (Fig 2a, b, c and Table 2 ). When challenged with Pd (II), the membrane activity of Bb reduced to 32.1% and over 60% of the cell population were inactive (Fig 2d, The metabolic or membrane potential of the cell is very important to cell viability. There was no significant difference in the membrane potential of the Pd-free live cells of the three bacteria when compared to cells containing reduced Pd (0) ( Table 2 ). Intracellular palladium nanoparticles were synthesized via formate and hydrogen reduction in all three strains but it could not be proved that membranes were intact. 26 However, the present study shows that, even 
CONCLUSION
This article is protected by copyright. All rights reserved. Table 1 Determination of membrane integrity and esterase activity using flow cytometry 
